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I. 20. 
Dalton on Sulphuric Ether Mancliesler, 16 April 1819. 

Title: Memoir on sulphuric eLher. By John Dalton. Annals of 
Philosopliy,¥eh. 1820,75, 117-133. (Issued also in A/emojr5 
and Proceedings, Manchester Literary and Philosophical So- 
ciety, 1820, 71.5.J, 446-482. 

Note: Although Dalton had studied ether hi 1805, this is the classic paper on the 
chemistry and physical properties of sulphuric ether. Henry in his Dalton 
Memoirs (London. 185.J) sa\s o[ it: "He describes the modes he employed to sepa- 
rate ether from the alcohol, which passes over with it in distillation, and which 
seems to have been sufficiently careful. For he obtained an Ether of the same 
specific gravity .720, and the same boiling point 95° or 96°, as are now assigned 
to that fluid. By an earlier experiment in 1805, he had deduced for the specific 
gravity of its vapour the number 2.65, a fair approximation to 2.586, the number 
now received. But in this memoir he 'thinks 3-1 is probalily the nearest expression 
in two places of figures that can be obtained.' . . . He performed the analysis of 
ether by firing its vapotir mixed with oxygen, in the proportion of not more 
than 3 to 10 per cent, of the volume of oxygen, in a \'olta's eudiometer. 'This 
method,' he observes, 'I discovered in September 1803, and have used it occa- 
sionally ever since.' " 
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ful examinatiQn of the concretions in the substance of the lungs, 
Mr. Burns ascertained that each was lodged in a bronchial cell, 
and was enveloped in a distinct capsule, which admitted of 
being readily separated from the membrane of the air cell. 
Indeed in all concretions discovered in the soft parts of the body, 
Mr. Burns informed me that he has uniformly found a pecuhar 
substance containing the solid substance, and over this another 
sheath of dense membrane. The inner covering he supposed to 
belong essentially to the concretion, and the outer one to be 
formed in consequence of the irritation caused by the presence 
of an extraneous body. 

Calculi from the Spleen. — For the opportunity of examining- 
these, I was indebted to the same zealous and able anatomist. 
They were of small size, sliaped like a pear, of a yellowish-white 
colour, and were composed of bone earth, without any portion 
of the triple phosphate. 

Small Crystals formed on the Surface of a cancerous Prepai-a- 
tion, kept in Spirit of Turpentine. — These also I received from 
Mr. Burns ; and though not strictly belonging to the class of 
morbid concretions, 1 mention them here on account of their 
singular composition. They are in very minute parallelopipe- 
dons, are fusible when placed on a piece of iron heated below 
redness, and evaporate in an aromatic smoke. They are very 
sparingly soluble in water, but more so in alcohol ; and the latter 
solution, when concentrated, reddens litmus paper. They agree, 
therefore, in their properties with the camphoric acid, and fur- 
nish an instance of the production of that acid under circum- 
stances not before observed. Whether they had passed through 
the intermediate state of camphor, which, by well known 
treatment, may be obtained from spirit of turpentine, it is now 
impossible to ascertain. Mr. Burns, however, assured me that 
they may not unfrequently be seen on preparations kept in that 
fluid ; but pever, except when the parts have been imperfectly 
dried before being immersed in it. It is probable, therefore,, 
that they may be found under similar circumstances in otl^r 
anatomical collections. /''^ A 

k y\ 



Manchestef, Dec. 16, 1819. 
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Article V. 

Memoir on Sulphuric Ethnr.* By John Dalton. 

In my essay on the force of steam, read before the Society ia 
1801, and published in the fifth volume of the Memoirs, I stated 
some experiments on the force oi vapour from sudphuric ether, 

• Read before the Literary Socie y at Manchester, April 16, 1819, 
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at different tenipeiatures, as exhibited in a Torricellian vacuum, 
also the force of the same when admitted into a limited portion 
of air. From tliese experiments, as well as from corresponding 
ones made with water, alcohol, and other fluids, I was led to 
adopt the important conclusion, that steam acquires the same 
force in air as in a vacuum, and that it ought to be considered 
the same independent fluid in both cases. Consequently if |> 
denote the pressure of any given volume of air (1), andy'denote 
the pressure of steam of a given temperature, such steam being 
iadnntted to the air, the volume of both in due time becomes 

V 

f-f 

This theorem is most beautifully illustrated by sulphuric 
ether. Let a common barometer have a drop of ether let up into 
the vacuum ; it will instantly depress the mercury several 
inches, more or less according to the temperature. Suppose it 

•were 10 inches, the barometer being 30 ; then -. = 1-5; that 

is, if ether be passed up into air under those circumstances, it 
Tvill in due time increase the volume of air 50 per cent. 

For six years after this I was occasionally engaged in the fur- 
ther investigation of the nature and properties of ether, in which 
several additional facts, and some corrections of those antece- 
dently announced, occurred. Ihe combustion of ether was 
efl'ected in various ways, as well as its analysis, by heat and by 
electricity. 

During all this time I procured my ether in small quantities at 
a time, and of various druggists, as suited my convenience. 
Once or twice I ascertained the specific gravity of the article to 
te at or near 0"75 ; and I never found reason to suspect there 
was much difference in the specimens. Occasionally when 
great part of the ether was evaporated by time and neglect, I 
found a few drops at the bottom of the phial, which did not 
possess the properties of ether, but this was too small to be much 
yegarded. In an excursion to Edinburgh and Glasgow in 1807, 
1 exhibited the steam of ether, as above described, to a few 
persons in those two places ; when at the latter place. Dr. Ure 
was so good as to supply me with ether, but upon trial it did not 
present the properties 1 had usually recognized, which at the 
time 1 attributed to accidental impurities, acquired in the labo- 
ratory ; upon this he accompanied me to a druggist, where I 
was iumiediately supplied with ether of the requisite purity. I 
£tpprehend Dr. Ore's ether must have been the spiriliis cElheris 
sulplinrid of the Edinburgh college, made by adding two parts 
alcohol to one of ether; or perhaps ether not rectified. 

In 1808 I published the first part of my New System of Che- 
mical Philosophy, in which I digested all the knowledge I tlien 
Lad on the force of steam from ether in a tabular form. I had 
acquired from actual observation the forces in a range of tein- 
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petature from 0° to 212°. In my former publication I liad 
concluded that the variations in the force of steam from water 
and ether were the same for the same intervals of tem])erature ; 
that is, if the force of stearn from water was diminished fiom 30 
to 15 inches of mercury, by a diminution of temperature (.A' '&o° :, 
then that of ether would be diminished from 30 to 15 inches by 
the same number of degrees, though in a much lower part of the 
scale; the former being from 212" to 182°, and the latter from 
98° to 68°. Subsequent experience, however, led me to appre- 
hend that the above intervals of temperature, though expressed 
by equal expansions of mercury, are not in reality equal intervals ; 
but that equal intervals are rather denoted by (he forces of sttata 
being in geometrical progression. Consistent with this view I 
found t! .•>': steam from water and ether would concur, fur a long 
range ot temperature, with the difference of ratios only; that of 
water being 1-321 for 10° of temperature, whilst that of ether was 
1-2278. 

In the above work occurs the following observation ; " Ether, 
as manufactured in the large way, appeals to be a very homoge- 
neous liquid. I have purchased it in Lcndon, Edinburgh, 
Glasgow, and Manchester, at very different times, of precisely 
the same quality in respect to its vapour." This observation, 
though warranted from my limited experience at the time, I 
now find not altogether correct; I am sorry that it has occa- 
sioned an ingenious experimentahst to be led ini,o a labyrinth of 
error. 

The bulk of the ether used in this country has I find of late 
years been prepared by one manufacturing house in the neigh- 
bourhood of L'uidon. Three qualities of the article are made 
according to the different uses intended. The highest quality is 
only made for particular purposes, and is, therefore, not very 
commonly met with; it is about 0-73 speciSc gravity; the 
second quality is that intended for medicine ; it is of 0-76 speci- 
fic gravity, and is that with which all the country druggists and 
apothecaries are or ought to be supplied as a standard uniform 
article ; it is that which I have always met with in the shops, and 
which I have taken for genuine ether in my former experiments. 
The third quality is of the specific gravity 0-78 or 0-79 usually; 
of course it is much inferior to the last in purity. But it may be 
proper to observe, that this is the first state of the other two 
qualities ; they being produced from this by ulterior processes 
called reel iji cation. 

It is well known that sulphr.ric ether is procured by distilling 
a mixture of sulphuric acid and alcohol. The proportions 
usually prescribed are equal weights of concentrated acid and 
alcohol. By due management, a liquid of the specific giavity 
0-785 or 0-79 is obtained, called ether. It is the ether of the 
third quality, just mentioned, and is in fact a compound of 
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alcohol and ether chiefly, in proportions to be investigated here- 
after. In tliis state it is usually called laiiec/ijied ether. 

When this last liquid is redistilled by a moderate heat till one 
half has passed over, the liquid in the receiver is denominated 
rectijied ether. It is usually about 0'75 specific gravity, corre- 
sponding to the second quality. It still consists of ether and 
alcohol, but with much less alcohol than before. There is great 
reason t« believe that both the uiiiec/ijied and rectijied ether, as 
thus prepared, are destitute of water, except so far as it is an 
essential element of the two hquids, ether and alcohol in their 
purest slates ; the sulphuric acid being well able to retain all the 
excess of water of common alcohol in the temperatures employed 
in the two distillations. 

Ether of the first quality, or that in its purest state is to be 
obtained from the rectified ether just mentioned. The object is 
to abstract the alcohol still remaining in the rectified ether. 
This may be done in great pai t by repeated distillations ; always 
taking the first produce and setting aside the remainder for other 
use ; but this method is tedious and expensive. A more ready 
method is to agitate the rectified ether with about its own bulk 
of pure water; after agitation the mixture resolves into two 
fluids, a heavier and a lighter; the lighter may be decanted, and 
will be found about two-thirds of the volume of ether used ; it 
will Jiave the specific gravity 0'73 nearly, and may be considered 
as ether of the first quality. But it is demonstrable that it still 
contains some alcohol, and has besides acquired a portion of 
water from this process. The watery stratum below contains 
the greatest part of the alcohol, and has also taken along with it 
a portion of ether, as is evident from the smell, '.rhich is nmch 
the same as that of ether itself This heavy liquid has the 
specific gvaviiy of 0-96 or 0-97 usually. If this ether of 0-73 
specific gravity be again treated with water, it will be reduced 
neaily to U-72"specitic gravity; but it still contains minute por- 
tions of both alcohol and water, the quantities of which are not 
easily appreciated. Subsequent distillation would doubtless 
improve the quality a little ; but for most practical purposes 
theie is reason to believe that no material diflt;rence would be 
found between the above and ether of absolute purity. 

Having obtained ether of the specific gravity •U-72, and alcohol 
of 0-83 specific gravity, both of which may be considered as very 
nearly pure or free from water ; mixtures of these two liquids 
may be made in any proportions, and the resulting specific 
gravities ascertained ; from which we may be enabled to esti- 
mate the proportions of the two fluids in any specimen v^here no 
water is present. 

This operation, however, is more diflicult than may be 
imagined. By taking ether and diluting it successively with 
equal portions of alcohol, the resulting specific gravities maybe 
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found in the usual way, provided we could guard against any loss 
of the mixture. But such is the evaporaiing power of ether, 
especially v/hen pure, that it is impossible to pour it from one 
vessel into another in the open air without much loss. In one 
instance I found that after six successive dilutions and 12 trans- 
fers, made with great care, I had lost one-fifth of the whole 
weight used. In such case, if the diluting portions are not dimi- 
nished duly, the results must be erroneous. One circumstance 
is favourable, the increase of density by chemical action appears 
to be very small ; so that the densities may be cu/citlated without 
very material error. The following table will ai*brd a moderately 
good approximation, which may have its use till a better is made. 

Table of the Specific Gravities of Mixtures of Ether and Alcohol. 

Ether. Alcohol. Sp. Gr. 

100 + 0-720 

90 + 10 0-732 

80 -i- 20 0-744 

70 + 30 0-756 

60 + 40 0-768 

60 + 50 0-780 

40 + 60 0-792 

30 + 70 0-804 

20 + 80 0-816 

10 + 90 0-828 

+ 100 0-830 

From this table it would seem that ether of the second quality, 
or that of the shops in general, contains about 25 per cent, of 
alcohol ; and that of the third quality from 55 to 60 of alcohol ; 
and the proportion of this article will be still greater on the pro- 
bable supposition that pure alcohol is as low as L)-82 in specific 
gravity. 

So far we have considered the mixtures of ether and alcohol in 
their purest states, or nearly such ; and it has been observed that 
in the ordinary course of manufacture, it is these mixtures, only 
varied in proportion, that occur. But if we introduce water so 
as to vary the pro))oi'tions of ether, alcohol, and water, indefi- 
nitely, then some new plienomena occur, and the quantity of 
ether in such mixtures is no longer to be determined by the 
specific gravities. These mixtures are in some proportions 
uniform throughout ; in others, they resolve into two fiuids of 
different specific gravities, alike transparent and colourless, but 
easily distinguishable from a filmy-like surface between the two 
fluids. Both the heavy and light, or as they may be called, the 
watery and ethery fluids, contain in all cases less or more of all 
the three ingredients. They seem to vary in their specific gra- 
vities according to this law ; whenever the upper fluid is 
extremely light, the under one is extremely heavy; namely. 
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about 0-72 and C-98 respectively ; und whenever the under fluid 
is extremely light, then the upper one is extremely heavy, but 
the two never approximate nearer tliau 0-9.J and U-82 respect- 
ively. As far as 1 have i'oiind, I am pretty well convinced that 
in this last case the heavy tluid is constituted of 1 atom of ether, 
1 of alcohol, and b of water; and the light fluid of 1 ether, 
1 alcohol, and 1 vi/ater, being a true ternary compound of the 
three elements. These facls are beautifully exhibited by a 
single experiment. Let equal volumes of pure ether and water 
be agitated together ; on subsiding, the very heavy and very 
light fluids are immediately perceived ; let then pure alcohol be 
added by degrees, and agitated ; it will be observed that both 
fluids have increased in vobuue upon each addition, till at length 
the upper fluid arrives at its maximum volume and speciflc gra- 
vity. A further addition of alcohol then diminishes the volume 
of ether till at length it disappears, and the whole becomes one 
uniform fluid. 

The boiling point of ether I find forms a curious part of its 
history ; I mean that point of temperature when its vapour is of 
fiuflicient force to balance the weight of the atmosphere. In my 
early experiments I found the point by immersing a thermometer 
in the boihng fluid, when it stood at 102° ; but in subsequent 
experiments I used a barometer tube bent about one third from 
the sealed end, and the legs laid parallel. A small portion of 
ether vv'as let up to the sealed end, and the tube from thence to 
a little past the turn was filled with mercury. The instrument 
thus prepared was immersed in a tall jar of warm water till the 
vapour arose from the ether and depressed the mercury, which 
ascending in the other leg, was brought to a level in the two. In 
this way, the same ether, in the temperature of 98", exhibited a 
force equal to the atmosphere. Something like this I find takes 
place in alcohol of 0-83 specific gravity. It boils in a phial at 
176°; but in a tube its vapour is equal to the atmosphere in a 
temperature of 172°. Pure ether of 0-72 specific gravity boils 
in the tube at 95° or 96°, as Gay-Lussac has observed ; but in a 
phial I find the thermometer may be raised to 98° in the boiling 
liquid. The boiling point of a mixture of pure ether and pure 
alcohol may be iiiade to vary from 96° to 170°; but we cannot 
infer tlie boiling point from a knowledge of the proportions of the 
mixture ; it is always much nearer that of ether than the pro- 
portions W'Ould indicate. Indeed it is the same with alcohol and 
water, and all similar mixtures. A mixture of equal parts of 
alcohol and water boils at 183°; whereas by the rule of propor- 
tion it ought to boil at 194°. A mixture of four parts ether and 
three parts alcohol I found boiled at 1 17° in the tube, and 122° 
or 123° in the air, which by proportion should have boiled at 
127°. It was of specific gravity 0-769, and might, therefore, be 
considered as between the second and third quality. 

The modifications of the boiling point of ether produced by 
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water, however, are the most astonishing. The heavy fluid aris- 
ing from the washing of ether by water, which is of the specific 
gravity 0-96, and which consists of 8 or 10 parts of water and 
1 or 2 of ether and alcohol, boils at 103° in the tube ; but if the 
temperature be increased, it soon ceases to manifest the increas- 
ing progressive elasticity of pure ether, as may well be expected. 
The reason of this is pretty obvious ; water possesses little or no 
affinity for ether ; it yields readily the fe«* atoms it possesses to 
the influence of heat, and when they are raised, the supply 
ceases. Hence we see the necessity of using a pure ether when 
the tension at various successive temperatures is to be found. 

Specific Gravity of Etfser Vapour. 

In 1803 and 1804 I made a great many experiments on the 
combustion of ether vapour mixed with oxygen gas by electricity. 
These sufficiently demonstrated the great specihc gravity of this 
vapour, as it was sufficient to have four or five per cent, of 
volume of it to produce abundance of carbonic acid, and to 
require a greater abundance of oxygen. 1 found it expedient to 
ascertain as near as possible the exact specific gravity, and 
attempted it a? follows in September, 18U3. 

I took a balloon glass, of the capacity of 253 cubic inches, 
having a wide neck, to which was adapted a brass cap and stop- 
cock. Into this a graduated tube, yV^^ '^^ ^" i"^'^ diameter, 
containing ether of 0-758 specific gravity, and a manometer 
were introduced ; the manometer was as usual a tube of -yth 
inch bore, closed at one end and duly graduated, with a globule 
of mercury sliding in it. The vessel was immediately made air 
tight, and kept so for several days, during which time the pro- 
gress of the evaporation and of the gauge was occasionally 
noted. The temperature of the air in the room was usually 
about 55° ; but as this was of no importance, it was not particu- 
larly noted. The observations follow : the ether tube was gradu- 



ated into water grain measures 



barometer 3U inches. 



Sept. 23 2 p.m. 

5 

8 

24 1 a.m. 



25 
26 

28 



3 p.m. 
10 

1 p. m. 
12 

2 p.m. 

9 

9 a.m. 



M^noiiicfer. 

..885 .. 

.. 868 .. 

..858 .. 

.. 848 .. 

^830 .. 

..825 .. 

.. 818 .. 

..800 .. 

. . 795 . . 

. . 790 . . 

. . 780 . . 

.. 772 .. 



AlrasiiP's eif pllier 

(•va|)m;.(fd, 

. . . . 0-0 
. . . . 6-5 

10-0- 

. . .. 16-5 
. . . . 20-5 

24-6 

. ... 28-5 
. . 34-U 
. . .. 38-9 
. . .. 42-0- 
. . . . 46-5 
. ... 49-5 
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Now 49'5 measures of ether = 37-5 gr. and this quantity 
being by the manometer = ^-J-A of the atmospheric pressure, we 
have lis : 37-5 :: 772 : 256 gr. the weight of 253 cubic inches 
of ethereal vapour of atmospheric force ; but the weight of the 
same volume of common air = 77 gr. Hence ethereal vapour 
= 3-3 times the specific gravity of air. 

I find amongst my notes in 1805 a similar experiment, from 
which the specific gravity was deduced = 2'6'5 only. This 
difierence occasioned me to repeat the experiment as follows : 

Balloon containing 404 Cubic Inches =123 Gr.ofAir. 

Barometer, 30 inches. 

Ether, 0-728 specific gravity in the temperature 48°. 



1819— Feb. 25 



26 



27 




Manomeler. 

.. 4100 
. . 4052 
. . 4040 
. . 4025 



Measures nf elhrr 
evaporated. 



.... 0-0 
.... 8-0- 
.... 9-5 
.... 11-0- 

•'J00+ 13-6 

3990 15-0 

3966 17-0 

3908 25-0 

3903 27-0— 

3900- 28-0 

3881 30-0 

3870 32-0 

3824 36-0 

3812 39-0 



At this period the cock was turned, and the air and vapour let 
out, till the equilibrium was restored with the atmosphere, the 
barometer being then 29-5 ; the thermometer was not noted. In 
a few minutes the cock was again turned, 
continued. 



Feb. 



and the experiment 



March 









Manometer. 


Measures of ether 
evaporated. 


27 


9^ 


p.m. 


4077 . . . 


0-0 


28 


2 




4040 . . . 


5-5 




9 




4025 . . . 


7-5 






1 


9 


a. m. 


4006 . . . 


10-0 




9 


p. m. 


3985 . . . 


14-0 


2 


9 


a. m. 


3969 ... 


15-5 




9 


p.m. 


3950 . . . 


18-0- 


3 


9 


a. m. 


3937 ... 


19-5 




9 


p.m. 


3919 ... 


22-0 


4 


9 


a. m. 


3908 . . . 


24-0 




y 


p.m. 


3890 ... 


25-0 
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., , Measures of ether 

Manomeler. . . 

evaporated. 

March 5 9 a. m 3885 27-0 

6 9 ■ 3874 28-0 

9 p.m 3874 28-0 + 

7 9 a.nt 3874 28-0 + 

For the last two days there was only a drop of fluid left at the 
bottom of the tube (nearly five inches deep) which seemed to be 
not evaporable ; but it was judged proper to continue the expe- 
riment in order to ascertain whether the vessel was perfectly air 
tight, and of course the gauge would continue stationary. The 
drop of fluid smelled of alcohol, and when diluted and treated 
with muriate of barytes was milky. 

By making the calculation as above, the specific gravity of 
ether vapour from the first part of the experiment comes out 
3-05, and from the last part, 3-2. The slow manner in which 
ether evaporates in these circumstances is surprising ; in the 
latter part of the experiment it is to be ascribed to the depth of 
the surface of fluid in the tube, and the partly saturated air. 

Though convinced the above results were very good approxi- 
mations, I was desirous to have a confirmation of it by some 
more direct method. I took a bottle of the capacity of 2,600 
gr. of water, and graduated accordingly ; this being filled up to 
1,100 gr. with dry mercury was inverted in the mercurial trough 
with 1,500 common air. Through this mercury were passed 1, 2, 3, 
or more grains of ether, which expanded the air, and from the 
quantity of expansion, compared with the weight of ether let up, 
the specific gravity of the vapour was inferred. This method 
did not give uniform results owing to a considerable portion of 
such minute quantities of ether being entangled by the mercury 
in its passage. To remedy this, I took a small tube, one-seventh 
of an inch in diameter internally, and two inches long, which 
was sealed at one end, and then graduated into water grains, 
which was such as to allow nearly one-fourth of an inch for one 
grain. This was filled with mercury, except for one, two, or 
more grain measures, which were afterwards filled with ether, 
and the finger being applied, the tube was plunged into the 
mercury and passed through the neck of the bottle up to the 
surface of the mercury in the bottle. In this way the ether was 
conveyed through the mercury without quitting the tube, and by 
gentle agitation was ejected and dissipated in vapour in a few 
minutes afterwards. The results in several experiments were 
nearly uniform, giving an increase of volume of gas from 255 to 
275 grain measures for each grain of ether in weight. This 
gives the specific gravity of ether vapour from 3-1 to 3'3. On 
the whole, I think 3*1 is probably the nearest exoression in two 
places of figures that can be attained. 
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Elasticity of Ether Vapour, the same in Air and in a Vacuum. 

The same tension or elasticity of ether vapour takes place in 
air as in a vacuum, just as vi'ith the steam of water and other 
liquids. But this is not true of impure ether, if it be made to 
pass through water into the air, because by this Operation it is 
improved in quality, though greatly diminished in quantity. 

When the temperature of the air was 43°, and barometer 
29'70, I passed up through water into a graduated tube contain- 
ing 51 grain measures of air, about three or four grains of 0*73 
ether. The air was in a few minutes expanded to 74 measures ; 
and the ether barometer (that is, a barometer with the same kind 
of ether thrown up into the vacuum) stood at 20'5 in the same 

temperature ; hence we have ^— r x 51 ( _ x 51 j = 74 

ttearly ; which accords with the before-mentioned theorem. The 
tube being afterwards immersed in water of 66° gave 104 mea- 
sures of vapourized gas; and in 70° gave 118 measures. It 
stood for some montiis in water, still retaining a fluctuating 
volume of gas, according to the changes of barometer and ther- 
nsometer ; and at last the gas was passed through water, and 
instantly gave the original 61 measures of air. 

The quality of ether may be judged of from passing a small 
portion of it through water in a graduated tube. Thirty grain 
measures of the best ether (0'73) passed up a tube of eight 
inches long filled with water lost four or five gr. Thirty grains 
of another ether, consisting of a mixture of 15 ether (0"735) and 
16 alcohol (O-yS), when passed in like manner, only gave five 
measures of fluid ether, swimming on the surface of the water. 

Relation of Ether Vapour to Liquids. 

Gases vapourized by ether may be kept over dry mercury, and 
.transferred through the same without loss. But they are not 
kept over water, alcohol, and other liquids, without loss of 
vapour, though this is variable according to the nature of the 
fluid and other circumstances. 

Alcohol absorbs ether vapour out of air much faster than 
water does. I filled two similarly graduated tubes with ether- 
ized air, and placed them over alcohol and water respectively : 
they lost vapour asunder: 

Tube over alcohol. Tube over water. 

155 measures. 155 measures. 

116 in 5 minutes. 142 in lU minutes. 

112 in 8 minutes. 138 in 13 minutes. 

104 in 30 minutes. 130 in 30 minutes. 

100 washed. 100 washed. 
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The non-efficiency of water in abstracting ether vapour is 
further niiinifested by the following experiment. 

1 took a tall graduated cyllndric jar, of three inches diameter, 
into which 20 oz. measures of air were passed over water. 
Thirty grain measures of ether (0-73) were then passed up into 
the air, through a volume of five inches of water, which was of 
course diminished a little in its passage, and then spread over 
the surface of the water to the thickness of ^~th of an inch 
nearly. The volume of air and vapour varied as under : 

u. M. Oz. 

— — 20 

— 3 224- 

— G 24 

— 12 26 

-- 20 27^. 

— 26 28-^ 

— 32 28^ 

— 50 28 

2 27 27 

1 Day 23 

1 Week 214- 

Washed 20 

Here it is observable, the vaponr increased for half an hour, 
and then began to decline again, but slowly. It increased the- 
volume by 84- oz. = 3,960 grain measures, which is eoual to 
15 gr. in weight by the preceding determination ; but the ether 
weighed 22 gr. ; so that a loss of one-third of the weight of the 
ether only was occasioned by the action of so great a surface of 
water on it for half an hour. 

Force of Ether Vcpour. 

My former experiments on the force of ether having been 
made with an article not of the highest purity, they ought all to 
exhibit a force too low for the temperature. Such I find to be 
the fact; at least within a range of temperature of easy investi- 
gation, that is, from 30° to 140°. The difference, however, is 
but small, and may, without much error, be corrected by deSuct- 
ing 2° or 3° from the respective temperatures, as given in my 
table. (New System of Chemistry, p. 14.) The apparatus to 
be used, consists of a common barometer tube, one bent into a 
syphon at one-third of the length from the sealed end, and a 
tall smaller one bent six or seven inches <roni the sealed end, 
and having the other leg 40 inches long. The first of these 
instruments is best used tor atmospheric temperatures, having a 
drop of ether let up into the vacuum. The second, is to havtt- 
its short leg fi led with mercury, and an inch of the other leg, a 
drop of ether being at the top of the mercury in the short leg. 
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This is used from temperature 80° to 1 10° or 120° The third is 
to have its short leg filled with mercury, and a drop of ether as 
the other, and its long leg filled to various heights with mercury, 
according to the temperature. It may be advantageously used 
from 120° to 140°. For temperatures between 140° and 212°, I 
have always used a tube similar to the last mentioned, but hav- 
ing its upper extremity sealed, and containing air of common den- 
sity over the mercurial column, and nearly equal in volume to 
the capacity of the other leg. When the ether vapour is formed 
in force, it condenses the said air, and from the condensation, 
the force is inferred by a well-Jinown law. Having had some 
reason to suspect my former results by this instrument were 
somewhat too high ; I have been induced to examine the 
defects to which this instrument is hable. The end of the tube 
must be dr»wn out to a point before seahng, and suffered to cool 
to the temperature of tlie air ; after this, the end must be closed 
by the point of a flame, otherwise the air in the tube may be 
rarefied by the heat, in which case the force of the steam will be 
overrated. Another cause of similar error is the existence of 
ether vapour in the air at the moment of sealing ; this will 
happen if the tube is not carefully dried inside after the instru- 
ment is filled with mercury. In this case, the air in the tube is 
rarefied by the steam, and consequently is of an unknown but 
reduced density. The opposite error is liable to be induced, by 
the frequent use of the instrument. By the motion of the 
mercury, the small remains of ether mechanically mixed with it 
rises to the top, and a visible stratum of ether is thereby exposed 
to the air. In this case an addition of force is given to the air ; 
but as the quantity of this force is known for any temperature, it 
may be allowed for accordingly. I prefer, however, sealing the 
tube when well dried, and the air of atmospheric density at the 
time ; and if the ether appear to rise to the surface afterwards, 
the correction must be applied. In order to have a complete 
check upon this instrument, it should be adapted so as to be 
applicable at some temperature (as 140°), where the force is 
known by other direct means. The error, if any, will thus be 
shown, and may be calculated for other temperatures. 

I have lately made, for the fiist time, various experiments on 
the force of steam from water, in temperatures from 212° to 
300° ; the results which convince me that the theoretic forces 
which I gave in the fifth volume of the Memoirs, as also those 
subsequently in my Chemistry, are both erroneous ; the former 
being about as much too small as the latter are too large, so that 
the mean of the two series is a near approximation to the truth. 

Experiments on the force of aqueous steam in high tempera- 
tures have been lately made by Mr. Southern, of the Soho, 
Birmingham,* and by Dr. Ure, of Glasgow,t the results of 

• Dr. Robison's Works by Dr. Brewster. 

f It would bavegiven me great pU asure to Iiave been able to adduce Dr. Ure'i 
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which agree very well with each other, and with the mean of 
my two theoretic tables. As for the force of steam below 212", 
no one has found any material variation from those in my first 
table ; indeed scarcely any one seems to have attended much to 
those below 100°, which f was most anxious to have correct. 
The force of steam at 32° is an important element ; I have spent 
much time and labour upon it, both before and since my first 
table was published ; it is not less, I think, than 0-2 of an inch, 
nor more than 0-3 ; these being the extremes of my experiments; 
perhaps 0'25 is very near the truth. 

My table of the force of alcoholic vapour represents it too 
high for temperatures below 60°, and for those above rather too 
low. These errors arose partly from the alcohol not being free 
from water, and partly from a mistake, as I now apprehend, in 
fixing a standard mark on the alcohol barometer. They are but 
small, and of little importance, as the observations were not used 
in establishing general principles. An improved and more 
extended series of observations on the force of alcohol vapour 
has recently been published by Dr. Ure, as mentioned above, the 
Jesuits of which fall in as well as can be desired with those from 
water, in establishing a general law that the vapours of homoge- 
neous liquids expand in geometrical progression to equal inter- 
vals, or at least to the same intervals of temperature. 1 may add, 
my own experiments recently made for the first time, corrobo- 
rate those of Dr. Ure in the interval of temperature from 175° to 
212°.* 

The following skeleton of a table of the force of vapour from 
water, alcohol, and ether, is formed from what I consider as the 
most correct experiments hitherto made on these subjects, and 
may have its use, though it will be found not to differ very mate- 
riaUy from my former tables, except where they differ from each 
other. 

■experiments on ether also, in corroboration of my early oiperiinents, and of the 
general principles thence derived ; a stronjjer condemnation of Iliose principles 
could not have been brought forward than their agreement with the results of Dr. 
Ure on ether vapour. AH tlie information \vc have given .as to the qualitv, &c. of 
■his ether is contained in the following paragraph. " Tlie ether of the sliops, as. 
.■prepared by tjieeminent London apothecaries, boils geDerally at liS°; but when 
washed with wafer or redistilled, it boils at 104° or 1U5°. It may by rectification, 
however, be made to boil at a still lower temperature." We are presented hIiIi 
-two scries of experiments on the force of ether vapour ; the first begins at 34° witli 
the force 6-2, and ends at 104°, with the force of 30 inches of mercury; the second 
begins at 105° with the same force, and ends at 210° with the force of 166 inches. 
■yVhat the specific gravities of the two kinds of ether used were, and whether the- 
ethers used were obtained from the very inferior elhcr of 1 12° by washing, or by- 
distillation, are important points, concerning which wieare not informed. How- 
ever, Dr. Ure contrives to blend these two disjointed series, and to compare the 
results -with those of mine made upon elhcr wliich boiled at 98° ; and finding great 
discrepances, he concludes my resulis on ether anit principles deduced from theti»- 
-are pregnant with errors. , 

• Philosophical Transactions, 1818, 

Vol. XV. N° H, I 
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Table of the Forces of Aqueous, Alcoholic, and Ethereal Vapours. 



Temperatures 


Aqueous vapour. Ra- 


Alcohol vapour. Ra- 


Ethereal vapoar. 


(common scale). 


tio, 2-6. 


tio, 2-7. 


Ratio, 2. 


36° 


0-29 in. 


0-56 in. 


7-5 in. 


64 


0-75 


1-51 


15-0 


96 


1-95 


4-07 (/) 


30-0 


132 


5-07 (a) 


H -00(g) 


60-0 


173 


13-18 (^») 


29-70 {h) 


120-0 


220 


34-20 (c) 


80-20 (0 


240-0 


272 


88-90 {d) 


— 


— . 


340(e) 


231-00 


— 


— 



Dr. Ure's numbers for ether corresponding to the above, the 
last exclusive, are 6-55, 13, 25-7, 49-8 [49], 96-4 ; the ratio is of 
course less than two, and a descending one ; namely, 1-98, 1-97, 
1-94, and 1-93; this last circumstance characterizes a mixed 
liquid. 

I have not extended the experiments on ether further than 
212° ; but as that temperature gives a force of 207 or 209, 1 esti- 
mate the force to be 240 at 220° nearly. 

If the forces registered in the preceding table be allowed as 
near approximations to the truth, it must> 1 think, be admitted 
that they increase in geometrical progression to the same inter- 
vals of temperature for a range of 200° at least. Whether those 
intervals of temperature are equal one to another successively is 
another inquiry, which the above facts and observations do not 
enable us to decide. 

Anali/sis of Ether by Electricity , S)C. 

When a little fluid ether is let up into Volta's eudiometer, 
either over mercui-y or water, and a small portion of azotic gas 
is likewise sent up, in order to be vapourized by the ether ; then 
if the vapourized air be electrified for an hour, some perfr \neiit 
gas is produced, and charcoal is precipitated. The gas 'when 
washed is chiefly or wholly carburetted hydrogen ; for i' takes 
two volumes of oxygen, and yields one of carbonic acid gas. If 
the vapourized gas be dry and over mercury, a volume of vapour 
yields two volumes of carburetted hydrogen, and moisture is 
perceived within the tube. If the electrification were continued. 

(a) Southern, 471. Ure, 4-70 
(A) Soulhern, 1300. Ure, 12-95. 
(c) Southern, .33-20. Ure, 35-50. 

(rf) Southern, 88-00+ . Ure, 89 00. 90. The mean of my two tables. 

(e) This observation is Mr. Southern's. There is reason to su-^pect his tempera- 
tures loo higli for his forces ill the high nressures. They e.\ceed Dr. Ure's 
(/) Ure, 4-02. 
(g) Ure, 11-20. 
(A) Ure, 30-00. 
(>) Ure, 78-50. Betlan, 82. 
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no doubt the volume of gas would be greatly increased, and end 
in pure hydrogen mixed with azote. 

These experiments are not decisive ; but they evidently point 
out the composition of the atom of ether to be 1 carburetted 
hydrogen, 1 charcoal, and 1 water, or 2 olefiant gas, and 1 water. 

The best method of analysis is by liring the vapour of ether 
mixed with oxygen gas in Volta's eudiometer. This method I 
discovered in September, 1803, and have used it occasionally 
ever since. It may be proper to describe the various modifica- 
tions of which this process is susceptible. 

When a few drops of ether are passed through water into th« 
eudiometer containing oxygen gas, the volume of the gas is in a 
few minutes enlarged more or less, according to the temperature. 

In temperatures from 60° to 70°, the volume is about doubled; 
but below those it is less than doubled ; and above more than 
doubled, agreeably to the principle before explained. 

(«) If the air be doubled or more, and an electric spark be 
taken in it, the probability is, that no explosion will ensue ; if by 
repeated sparking an explosion take place, it is feeble, and may 
be repeated a few seconds afterwards, sometimes once or twice. 
The residue of gas being examined is found to contain a little 
carbonic acid, some new combustible gas, and oxygen in various 
proportions. In short, the operation is very incomplete, owing 
to an excess of ether vapour. 

(6) If the oxygen gas be good, and the volume be increased 
from 100 to 150 by the vapour (which will naturally arise in 
temperatures between 40° and 50°, and in higher temperatures 
the volume may be reduced by cautious agitation, till the water 
has absorbed part of the superfluous ether and vapour), then a 
spark produces a violent explosion. The gaseous volume is 
doubled, or from 150 becomes 300 ; and upon examination is 
found to consist of carbonic acid and nev/ combustible gas, but 
chiefly the latter. Little or no oxygen is found. 

If the ether vapour be only from 3 to 10 per cent, of the 
volu'ne of oxygen, the explosion is vigorous, and a complete 
comitustion takes place. The residue consists of carbonic acid 
and oxygen gases only. Ten volumes of ether vapour require 
about 60 of oxygen, and produce about 40 of carbonic acid. 

(c) If 100 oxygen be increased by ether vapour to 120 or 130, 
a violent explosion ensues, and the whole of the vapour is con- 
verted into carbonic acid, water, and new combustible gas ; a 
little charcoal is sometimes deposited, so as to make the air 
muddy at the instant after explosion ; no oxygen is found in tlie 
residue. 

{d) The combustion of ether vapour may be effected by com- 
mon air as well as by oxygen gas, only the proportion of vapour 
to air is very small and limited. If the vapour exceed five pel 
cent, it will not fire ; and if it fall short of two per cent, it rarely 
fires. The combustion is attended '.vith t!ie production of new 
combustible gas, or otherwise complete, according to the 

I 2 
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greater or less proportion of vapour, as is the case with oxygen 



gas. 

In respect to the neiv cojubiistibk gas in the above paragraph, 
its nature may be ascertained by abstracting the carbonic acid ia 
the usual wny, and then exploding it with oxygen. In the para- 
graph (a), the new gas is often nearly pure carburetted hydrogen; 
but in (c) and (d) it is always a mixture of carbonic oxide and 
hydrogen in nearly equal volumes ; as is proved from its requir- 
ing 60 per cent, of oxygen, and producing 50 per cent, of 
carbonic acid. In (b) it is chiefly these two gases, but has a 
little carburetted hydrogen occasionally mixed with them. 

When a certain volume of ether vapour is completely burned 
at one operation, or it is partially burned at the first, as in (a), {b), 
(t), and (f/), and the combustion finished by a second operation, 
still the same volume of vapour requires the same volume of 
oxygen for its complete combustion, and produces the same 
volume of carbonic acid. And it is always ibund that the car- 
bonic acid contains two-thirds of the oxygen spent, and conse- 
quently the hydrogen engages one-third of the oxygen to form 
water. Hence it appears that the combustible element of ether 
is olefiant gas ; but as there is reason to conclude that oxygen 
is one of the elements of ether, it must be combined with 
liydrogen ; so that water must be the incombustible element. 

In order to find what number of atoms of water and olefiant 
gas must be combined to form one of ether, we must have regard 
to the iceights of the different elements which combine. Now, 
from the experiments above related, it appears that one measure 
of ether vapour (weighing 3-1) requires six measures of oxygen 
gas (weighing 6-6) ; but two atoms of olefiant gas weigh 12'8, 
and one of water weighs 8, making together 20' 8, which would 
require six atoms of oxygen, weighing 42, for their combustion ; 
that is, such compound atom would require rather more than 
double its weight of oxygen, which is the proportion I find by 
experiment for ether vapour. Hence then we may conclude, 
that the atom of ether weighs 20'8, and is compounded of one 
atom* f water and two of olefiant gas. 

In January, 1809, I made an experiment on the slow combus- 
tion of ether in a lamp, in a large balloon glass. The capacity 
of the balloon was two cubic feet ; hence the oxygen of the 
common air in it would weigh 250 gr. nearly. A small lamp 
with ether was lighted, and instantly dropped into the balloon, 
which was immediately closed. The lamp burned till it was 
extinguished for want of air. After a few minutes it was taken 
out, and the loss of weight ascertained to be 31 gr. The resi- 
duary gas being examined was found to contain 16 per cent, 
oxygen, and 3 or 4 carbonic acid ; but in order to obtain the 
carbonic acid more accurately, the whole volume of air was 
subjected to lime water, in such manner that all the air which 
came out was agitated in the lime water that entered the balloon. 
The quantity of lime water requisite to saturate the carbonid 
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acid was as much as saturated 107 gr. in weight of dry sulphuric 
acid = 60 gr. of carbonic acid = 17 charcoal + 43 oxygen. 
But the oxygen spent in the combustion was -/-j- of "250 gr. = 
60 gr. nearly, of which we find two-thirds, or rather more, in 
the carbonic acid produced ; the rest must have combined with 
the hydrogen. And the ether consumed was rather more thaii 
one-half of the weight of the oxygen, which may well be sup- 
posed to arise from a little loss by evaporation. This experiment, 
tlierefore, corroborates the conclusion above obtained. 

My first idea of the ether atom, published in the table on the 
absorption of gases by water in 1803,* was two atoms of carbon 
and one of hydrogen. This incorrect notion was formed from 
some of my early experiments combined with the analysis given 
by others. M. Saussure, in his last essay on ether, has deter- 
mined its proportions as under; which, being compared with mine, 
are found to differ from them materially. 

Saiissure's. Mine. 

Carbon 67-98 51-9 

Oxygen 17-62 33-7 

Hydrogen 14-40 14-4 

100-00 100-0 

In the present essay I have alluded to the weight of an atom 
of alcohol ; but this weight is not that given in my Chemistry, 
Part I. From recent experiments on the combustion of alcoho- 
lic vapour in oxygen by electricity, as well as from the combus- 
tion of alcohol by the platina wire lamp without flame, I believe 
the alcohol of 0-82 specific gravity is constituted of one atom 
carburetted hydrogen and one of water, as it seems to give 
carbonic acid = half the volume of oxygen consumed, or very 
little more. But there is a remarkable difference in the results 
when alcohol is burned in a lamp in common air. This combus- 
tion gives carbonic acid nearly = two-thirds of the volume of 
oxygen, and would imply alcohol to be one water and one olefiant 
gas. At present I have not leisure to clear up this difficulty. 
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Calculations of Solar Eclipse to take place on S'>pt 7 1 820 
By Col. Beaufoy, F.R.S. 

(To Dr. Thomson.) 

MY DEAR Sm, Bushe,) Heath, Jan. 6, 1S20. 

The annular eclipse which takes place the 7th of next Sep- 
tember will naturally engage the attention of Europe ; and it 

» Memoirs, vol. i. (Second Series.) 
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being desirable to have corresponding observations on so rare a 
phenomenon, I have, with the hope of directing the view of 
ethers towards this object, sent you my calculations of the parti- 
cular- appearances at this place, as well as the principal appear- 
ances in other parts of the world. By a mean of several 
observations of the circumpolar stars, made with an excellent 
circular instrument, two feet in diameter, and constructed 
by Mr. Gary, I find the latitude of my Observatory to be 
51° 37' 44-27" N.and longitude W. in time, 1' 20-93" instead of 
51° 37' 42", and 1' 20-7" as shown by Hadley's sextant, and an 
artificial quicksilver horizon. I remain, my dear Sir, 

Yours very truly, 

Mark Beaofoy. 



Solar echpse, Sept. 7, 1820. 
Bushey Heath, lat.51° 37'44-27"N.; long.W. in time, 1' 20-93" 

Apparent Time. 

Beginning 0" 21' 50-0" 

Visible conjunction 1 48 23-0 

Echptic conjunction 1 50 18-6 

Greatest obscuration 1 51 12-0 

End .3 12 07-0 

Nearest approach of centres, 3' 02". Digits echpsed on the 
«un's northern limb, 10° 28' 08". Moon makes the first impres- 
sion on the sun's disc 54° 48' from the vertex on the right. 

Places on the Earth where the principal Appearances of the Solar 

Eclipse occur. 



Apparent Time at Greenwich. 



Eclipse bef^ins at sun-rise. 
Siun rises ccntraSly et-lipsed 
Sun cenlrally eclipsed on ilie 

meridian ^, . 

Sun eclipsed at the true con- 

junclion 

Sun eclipsed at the middle of 

the transit 

Sun sels centrally eclipsed . . 
Eclipse ends at sun-setting . . 
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